This paper attempts to tackle one of the challenges faced in soft input soft 4 output Multiple Input Multiple Output (MIMO) detection systems, which 5 is to achieve optimal error rate performance with minimal power consump-6 tion. This is realized by proposing a new algorithm design that comprises 7 multiple thresholds within the detector that, in real time, specify the receiver 8 behavior according to the current channel in both slow and fast fading con-9 ditions, giving it adaptivity. This adaptivity enables energy savings within 10 the system since the receiver chooses whether to accept or to reject the trans-11 mission, according to the success rate of detecting thresholds. The thresh-12 olds are calculated using the mutual information of the instantaneous chan-13 nel conditions between the transmitting and receiving antennas of iterative-14 MIMO systems. In addition, the power saving technique, Dynamic Voltage 15 and Frequency Scaling, helps to reduce the circuit power demands of the adap-16 tive algorithm. This adaptivity has the potential to save up to 30% of the 17 total energy when it is implemented on Xilinx®Virtex-5 simulation hard-18 ware. Results indicate the benefits of having this 'intelligence' in the adap-19 tive algorithm due to the promising performance-complexity trade-off pa-20 rameters in both software and hardware co-design simulation.
Background

System Model
Consider an iterative-MIMO system comprising M transmit antennas and N re-114 ceive antennas based on BCIM, transmitting frames of K u bits as shown in Figure   115 1. At the transmitter, the K u bits are encoded using an iterative encoding method 116 such as convolutional or turbo coding [Hagenauer et al., 1996] of rate R c , where 117 K u = K e · R c . The K e coded bits are then interleaved giving K a bits, which are 118 mapped into independent Quadrature Amplitude Modulation (QAM) constellations, 119 O, of P points, forming a sequence of K s = K e / log 2 P symbols. The symbols are 120 separated into M substreams blocks of M · K ch symbols are transmitted in each 121 channel realization, K ch . These are transmitted over Rayleigh fading channels. In 122 other words, a frame of K e coded bits requires a transmission of K s /(M · K ch ) blocks (1) ML detection finds the minimum constellation point in (1) 
214 Thus, the number of candidates at antenna level k denoted by n k should follow
The main idea of FSD is to assign a fixed but distinct number of candidates to be can be approximated by
where, without loss of generality, K e = M · log 2 P has been assumed 232 to simplify the index notation. In (9) 
Power Savings
Energy consumption in mobile devices with battery powered sources is a major lim-247 iting factor in circuit designs. Fundamentally, energy is consumed in both dynamic 248 and static aspects as specified by (10) 
The values of MI spread at specific SNR conditions. Figure 2 illustrates the accumu- can be obtained in Figure 2 (a), which shows the FSD performance. Below a certain 318 MI threshold of approximately 2200, the receiver is certain to fail when trying to 319 decode a symbol message. Therefore, the best cause of action for the receiver is to 320 request a retransmission i.e. Automatic Repeat Request (ARQ), from the transmitter 321 rather than to attempt decoding where it is unlikely to succeed, wasting significant 322 computational energy, which is the limitation of today's system designs. On the 323 other hand, the V-BLAST/ZF performance is shown in Figure 2(b) , where a value of 324 about 7100 for threshold 2 can be seen. The receiver will decode the symbol message 325 D R A F T July 6, 2014, 12:57pm D R A F T same for both detection schemes, the multiplier counts between the FSD and Vdeploying FSD is M -times more complex than the V-BLAST/ZF. Figure 5 
where C avg is the average number of clock cycles required to detect a MIMO symbol. Table 4 . stating that, as manufacturing process get smaller, the E static seems to dominate 431 the overall chip power. Therefore, it can be concluded that running the circuit at 432 a lower speed is not the answer to overall power savings in this technology. E static 433 could no longer be neglected when designing a circuit, and it is now more essential to 434 take temperature as a parameter in saving overall energy consumption, since E static 435 strongly depends on the heat generated by the circuit. overheating that leads to high E static consumption.
463
For greater insight of the total energy savings that can be achieved in a realistic 464 setting, Figure 11 considers the adaptive algorithm in a Rayleigh fading channel.
465
The SNR chosen are based on the operating SNR regions of the Long Term Evo-466 lution (LTE). In small cells, the transmit power is to be in the range of 23 dB to 467 46 dB, averaging at 26.5 dB [Nakamura, et al., 2013] . The savings can found by 468 integrating the power, P, with respect to the probability density function, f, of the 469 fading environment, ρ, as shown in (14).
where a is the lower SNR value of -4 dB and b is the upper limit of the SNR, which 471 is 40 dB in this case. Using a discrete approximation to this gives a measure of 472 
Future Direction
Research is still ongoing in the field of both hardware and software design. This 487 section describes some of the planned future work. 488
SOFTWARE -Algorithm Switching Selection
The SNR values at which the adaptive algorithm switches between the different 489 thresholds is illustrated in Figure 4 . The selection of adaptive algorithm can be 
1 Algorithm consists of channel ordering given by Line 3; Line 4 performs nulling and computes the decision statistic;
641
Line 5 quantizes the computed decision statistic to yield the decision; Line 6 performs cancellation by decision feedback, and 642 Line 7 computes the new pseudoinverse for the next iteration. 
